Monoclonal antibodies against a cell wall-associated 45-kDa proteinase from Lactobacillus helveticus CP790 were prepared and used for an immunoblotting analysis of the cell wall extract of CP790. They were found to react with an unidentified 46-kDa protein as well as the 45-kDa proteinase. The 46-kDa protein was copurified with the 45-kDa proteinase by affinity column chromatography using antibody-fixed Sepharose and sodium dodecyl sulfate-polyacrylamide gel electrophoresis and then extracted from the gels. An elution profile of the cyanogen bromide digest of the purified 46-kDa protein obtained by reversed-phase high-performance liquid chromatography was identical to that of the 45-kDa proteinase except for one peak. An analysis of the N-terminal 21-amino-acid sequence revealed that the 46-kDa protein possesses an extra 7 amino acids at the N terminus of the 45-kDa proteinase. The 46-kDa protein was produced at constant levels during fermentation in a skim milk medium, while the 45-kDa protein was mainly observed in the middle of the exponential phase of growth and was produced in proportion to the proteinase activity. Moreover, only the 46-kDa protein was detected in the crude extract of L. helveticus CP791, a variant strain of CP790 defective in proteinase activity. These data strongly suggest that the 46-kDa protein is a precursor, inactive form of the 45-kDa proteinase.
Many lactic acid bacteria have proteolytic systems to make use of milk proteins as nitrogen sources (14, (18) (19) (20) 23) . Cell wall-associated proteinases are key enzymes for catalyzing the first step in casein degradation.
Lactobacillus helveticus CP790, used for milk fermentation in Japan, has a strong proteolytic activity (29) . Interestingly, the milk fermented with L. helveticus CP790 showed an antihypertensive effect in spontaneously hypertensive rats, and the effect was the strongest observed among milk samples fermented with various strains (31) . The casein hydrolysates produced by the cell wall-associated proteinase of L. helveticus CP790 also displayed a significant antihypertensive effect in spontaneously hypertensive rats (30) . The purified cell wallassociated proteinase of L. helveticus CP790 had a molecular weight of 45,000 (29) . The enzyme activity in culture medium changed dramatically during fermentation (29) .
In lactococci, the proteinases are serine type enzymes and are classified into two types (P I and P III ) according to their specificity toward the different kinds of caseins (3, 10, 24) . The genes for the proteinases, which are plasmid encoded, have been cloned and sequenced for Lactococcus lactis subsp. cremoris (13, 25) and L. lactis subsp. lactis (12) . The N-terminal region of lactococcal proteinases had homology to the N-terminal region of subtilisin (26) . The proteinase genes of L. lactis subsp. cremoris and L. lactis subsp. lactis encoded proteins of 200 kDa (12, 13, 25) . During translocation and export of the proteinase gene product across the cytoplasmic membrane, the N-terminal prosequence of the product is removed, resulting in generation of a proteinase with a molecular mass of 180 kDa (6, 7, 26) . The prtM gene product has been shown to be necessary for cleaving the prosequence of the proteinase (6, 7, 27) .
A molecular mechanism for generation of proteinase in lactobacilli, however, is unknown. In this study, we attempted to test whether the proteinase in L. helveticus CP790 is processed, using a monoclonal antibody raised against the purified 45-kDa enzyme. The results strongly suggested the presence of a precursor 46-kDa protein which lacks proteinase activity.
MATERIALS AND METHODS

Materials.
Fluorescein isothiocyanate-conjugated casein (FITC-casein), o-phthaldehyde, and phenylmethylsulfonyl fluoride (PMSF) were purchased from Sigma (St. Louis, Mo.). Protein A-fixed resin (MAPS II kit) was from Bio-Rad Japan (Tokyo, Japan). CNBr-activated Sepharose 4B was from Pharmacia Japan (Tokyo, Japan).
Preparation of monoclonal antibodies. Monoclonal antibodies were prepared by hybridoma techniques according to the method of Hoggs et al. (9) . Six-weekold female BALB/c mice (Charles River Japan, Yokohama, Japan) were immunized by subcutaneous injection with 1 g of purified 45-kDa proteinase (29) at 6-day intervals for a total of six times. The spleen cells of the immunized mice were fused with mouse myeloma cells (NS-1) by using polyethylene glycol 6000. Fused cells were grown in selective medium containing hypoxanthine, aminopterin, and thymidine. The culture supernatants from wells with cell growth were assayed for reactivity to the purified enzyme. Cells from wells which showed reactivity were subcloned by limiting dilution. Cells from positive clones were injected intraperitoneally into pristane-primed BALB/c mice. After 10 to 15 days, ascites fluid was collected from the peritoneal cavity. The antibody in the ascites fluid (8 ml) was purified by using the MAPS II kit (Bio-Rad Japan).
Purification of the 45-and 46-kDa proteins by monoclonal antibody affinity resin. One gram of CNBr-activated Sepharose 4B washed with 1 N HCl was mixed with 1 mg of purified antibody in 5 ml of 0.1 M NaHCO 3 buffer (pH 8.3) containing 0.5 M NaCl. The mixture was shaken gently for 20 h at 4ЊC. Antibodyfixed resin was washed with 100 ml of 10 mM Tris hydrochloride (pH 7.5) containing 0.5 M NaCl. The proteinase was extracted from L. helveticus CP790 cells cultured in 1 liter of 9% (wt/vol) low-heat-treated skim milk medium according to a method reported previously (29) . About 50 ml of the proteinase extract was applied after the addition of 0.1 mM PMSF to the antibody-fixed Sepharose column (2 by 0.64 cm) previously equilibrated with 10 mM sodium phosphate buffer (pH 6.8) containing 0.2 M NaCl. The column was washed with 10 ml of the same buffer. The adsorbed proteins were eluted with 5 ml of 5 M NaSCN and dialyzed against 1 liter of 10 mM Tris hydrochloride (pH 8.0) containing 0.1 mM PMSF. The dialysate was subjected to sodium dodecyl sulfate-9% polyacrylamide gel electrophoresis (SDS-9% PAGE) (16) . The 45-and 46-kDa proteins were recovered from each gel slice by the method of Hager and Burgess (8) . The eluted proteins were precipitated by the addition of fourfold volumes of acetone, and the pellets were dried and used for structural analysis.
Cyanogen bromide cleavage and peptide analysis. Purified 45-and 46-kDa proteins were cleaved by addition of 100 l of 10% (wt/vol) cyanogen bromide (CNBr) and 70% (wt/vol) formic acid with incubation overnight at 4ЊC. Each hydrolysate was dried and washed twice with 70% (vol/vol) isopropanol-5% (vol/vol) trifluoroacetic acid. The 0.1% (vol/vol) trifluoroacetic acid-soluble fraction was analyzed by reversed-phase high-performance liquid chromatography (HPLC). HPLC was done on Hitachi model L4000, L6000, and L6200 instruments (Hitachi, Tokyo, Japan) with a Bondasphare C 18 column (15 by 3.06 mm; Millipore Japan, Tokyo, Japan), and the peptides were detected by measuring A 215 . The peptides were eluted by a linear gradient of acetonitrile and isopropanol, from solvent A (0.1% TFA-water) to 40% solvent B (0.06% TFAacetonitrile/isopropanol ratio, 3:7) at a flow rate of 1.0 ml/min. N-terminal amino acid sequences of proteins were identified by using an automatic protein sequencer, PPSQ-10 (Shimadzu, Kyoto, Japan).
Growth of the cells. L. helveticus CP790 (29) was cultured in 9% (wt/vol) low-heat-treated skim milk medium, and L. helveticus CP791 (30), isolated as a proteinase activity-negative variant from CP790, was cultured in the same milk medium supplemented with peptide at a constant pH of 6.0 at 37ЊC. Cells were harvested at various times, and then sodium citrate was added to 1% (wt/vol) to dissolve the casein molecule. Cells were washed twice with 50 mM ␤-glycerophosphate buffer (pH 7.2) at 4ЊC in the presence of 50 mM CaCl 2 , and their proteinase activities were measured. Growth was assessed by measuring the optical density at 590 nm. The peptide concentration of each culture medium was estimated by the o-phthaldehyde method (1).
Proteinase activity assay. Proteinase activity was determined by using fluorescein isothiocyanate-conjugated casein as a substrate according to the method of Twining (22) , with some modifications as previously described (29) .
Immunoblotting. Immunoblotting was performed as described by Towbin et al. (21) with Bio-Rad Trans-Blot apparatus. Cells of L. helveticus CP790 harvested at various times were washed with 10 mM Tris hydrochloride (pH 8.0) containing 50 mM CaCl 2 , suspended at a cell density of 1.0 in 10 mM Tris hydrochloride (pH 8.0) containing 0.5% SDS, and then incubated at 37ЊC for 30 min. Cell debris was removed by centrifugation, and the supernatant was analyzed by SDS-9% PAGE according to the method of Laemmli (16) . After SDS-PAGE, proteins were transferred to Immobilon-P polyvinylidene difluoride membranes (Millipore Japan). Proteins were stained with Coomassie brilliant blue R250, and proteinase was detected by using proteinase-specific mouse monoclonal antibody LHP-1.
RESULTS
Structural relationship between the 45-kDa proteinase and the 46-kDa protein. Five monoclonal antibody clones against the purified 45-kDa proteinase of L. helveticus CP790 were obtained. The clone designated LHP-1, which showed the highest inhibitory effect on proteinase activity, was found to react with an unidentified 46-kDa protein as well as with the 45-kDa proteinase in the crude cell wall extract (Fig. 1) . To analyze the structural relationship between the two proteins, the 45-kDa proteinase and the 46-kDa protein were copurified by affinity chromatography using the antibody-fixed Sepharose (Fig. 2, lane 1) . Each of the proteins was purified by SDS-9% PAGE and then extracted from the gels (Fig. 2, lanes 2 and 3) . The CNBr digests of the purified proteins were analyzed by reversed-phase HPLC. The elution profiles of the two hydrolysates were identical except for one peak (Fig. 3) , although a small peak was seen at a corresponding position in each hydrolysate owing to slight cross-contamination of both proteins. This strongly suggests that the 46-kDa protein has a primary structure very similar to that of the 45-kDa proteinase. An N-terminal sequence analysis showed that the 46-kDa protein started with Ala-Thr-Leu-Val-(-)-Ile-Met-Val-(-)-Leu-AsnLys-Pro-(-)-Val-Asp-Leu-Ser-Gly-Ala-Gly-; no amino acid could be assigned to positions 5, 9, and 14 (dashes) because multiple peaks were observed. On the other hand, the 45-kDa protein started with Val-(-)-Leu-Asn-Lys-Pro-(-)-Val-AspLeu-Ser-Gly-Ala-Gly-. These data indicate that the 45-kDa proteinase lacked the N-terminal 7 amino acid residues of the 46-kDa protein. The peptide peaks which differ between the two proteins (indicated by arrows in Fig. 3 ) are considered to contain the N-terminal parts of them.
Production of the 46-and 45-kDa proteins during fermentation. Cell wall-associated proteinase activity per unit of cell density was measured at various times during cell growth of L. helveticus CP790 in skim milk medium (Fig. 4) . Peptide concentration in the culture medium was increased according to cell growth. The activity was highest in the middle of the exponential phase of growth (A 590 ϭ 0.8) and decreased thereafter. Production of the 45-kDa proteinase and the 46-kDa protein was examined by immunoblotting. As shown in the inset of Fig. 4 , the concentration of the 46-kDa protein was constant throughout fermentation, whereas the concentration of the 45-kDa protein was highest in the middle of the exponential phase. The 46-kDa protein purified by affinity chromatography from CP790 cells at the growth stage of weak proteinase activity was shown not to have an enzyme activity. The 46-kDa protein purified from the proteinase-defective CP791 strain had no proteinase activity either (data not shown). For the CP791 cells cultured in milk medium supplemented with peptide, only the 46-kDa protein was detected during fermentation (data not shown). These results, taken together with the 
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aforementioned data, strongly suggest that the 46-kDa protein is a precursor inactive form of the 45-kDa proteinase. From CP790 cells, both the 45-and 46-kDa proteins were released in CaCl 2 -or PMSF-containing buffer and observed in the culture supernatant harvested at the mid-log phase of growth (data not shown).
DISCUSSION
In this study, an unidentified 46-kDa protein reacted with a monoclonal antibody specific to the 45-kDa proteinase and had a primary structure similar to that of the 45-kDa protein, and the N-terminal sequence of the 45-kDa protein started from eighth amino acid of the N-terminal sequence of the 46-kDa protein. Moreover, neither of the 46-kDa proteins isolated from the CP790 and variant CP791 cells had proteinase activity. The results described above suggest that the active 45-kDa proteinase is a mature enzyme and is generated from the inactive 46-kDa protoproteinase by cleavage between Nterminal amino acids 7 and 8.
The presence of a proregion is a common feature among proteinases secreted by gram-positive bacteria (28) . In subtilisin, removal of the proregion during proteinase maturation has been shown to be caused by an intramolecular self-digestion step (11) . Lactococcal proteinase is activated by removal of the 20-kDa N-terminal prosequence of the 200-kDa protein in the presence of membrane-associated lipoprotein PrtM and has a molecular mass of approximately 180 kDa (6, 7, 27) . The 46-kDa protein isolated from CP791 had the same N-terminal sequence as the 46-kDa protein from CP790, and the 45-kDa protein was not observed in the cell wall extract of CP791. This suggests the presence of another enzyme which is necessary for the maturation of the proteinase in CP790 but not in CP791.
The dramatic change in the enzyme activity during cell growth may be related to the activation process described above (Fig. 4) . Repression of the proteinase activity by the existence of peptide in culture medium was proposed for L. lactis subsp. cremoris AM1 (4, 5) . However, the mechanism of proteinase maturation and regulation during cell growth of L. helveticus CP790 is still not clear.
The C-terminal region of lactococcal proteinase is responsible for the attachment of the proteinase to the cell membrane (15) . The release of the lactococcal enzyme is prevented by addition of CaCl 2 or PMSF. On the other hand, both the 45-and 46-kDa proteins were released from CP790 cells in CaCl 2 -or PMSF-containing buffer and detected in milk medium used for cultivation of L. helveticus CP790 (data not shown).
The N-terminal sequence of the proteinase of L. helveticus CP790 was not observed in the sequence of the lactococcal proteinase (11, 12, 24) . However, the antibody LHP-1 reacted with the lactococcal enzyme. This suggests the existence of some homologous region between the L. helveticus proteinase and the lactococcal enzyme. Cloning of the proteinase gene of L. helveticus CP790 is necessary for the comparison of the primary structures of the two enzymes.
